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Description 

[0001] This invention relates to solid state condens- 
ers. More particularly, it relates to miniature solid state 
condenser microphones useful in applications where 
small dimensions are desired, such as, for sensors in 
hearing aids. 

BACKGROUND OF THE INVENTION 

[0002] A typical condenser microphone is composed 
of a voltage bias element, Vbias, (commonly an elec- 
tret), a diaphragm/ backplate pair forming a capacitor 
which varies with sound pressure, and a Field Effect 
Transistor (FET) circuit for buffering the output signal. 
Miniature microphones used in hearing aids and other 
applications are typically electret condenser micro- 
phones. These are built with highly precision stamped 
metal parts, organic diaphragm films such as mylar and 
polyester, and highly charged electret films to bias the 
microphones. These microphones have certain short- 
comings. Their size has been reduced to the limits of 
manufacturability. Lack of uniformity in the stamping and 
assembly processes results in a large variability in sen- 
sitivity. Furthermore, temperature and humidity effects 
on the organic diaphragm film and electret result in long 
term drift in microphone performance. 
[0003] In attempts to overcome the difficulties asso- 
ciated with traditional miniature microphones, various 
workers have tried to make solid state microphones us- 
ing semi-conductor techniques. Such microphones us- 
ing inorganic thin films have the potential to overcome 
the problems associated with conventional miniature 
microphones. However, attempts to build such solid 
state microphones have not been successful in achiev- 
ing the necessary sensitivity simultaneously with good 
manufacturability. 

[0004] Conventional microphones have rectangular 
diaphragm/backplate pairs typically measuring several 
millimeters on a side with a spacing between the dia- 
phragm and the backplate of several tens of microns. 
An electret bias of several hundred volts is required to 
bring the microphone sensitivity to the desired range. In 
designing a solid state microphone, for example one 
from silicon, it is desirable to reduce the bias voltage to 
the 5 to 10 volt range in order to eliminate the environ- 
mental stability problems with the electret. This voltage 
can conveniently be developed directly from the power 
supply or with conventional charge pump circuitry. Re- 
ducing the bias value requires a commensurate in- 
crease in the ratio of the change of capacitance (AC) to 
the capacitance (C) to maintain an equivalent sensitivity. 
One method of maintaining the sensitivity of the minia- 
ture microphone is to reduce the gap between the dia- 
phragm and the backplate to from about 1 to about 2 
microns. It is also necessary to keep the mechanical 
compliance of the diaphragm (deflection vs. sound pres- 
sure level) to a level at least comparable to that in con- 



ventional microphones. 

[0005] In a diaphragm there are two kinds of forces 
which resist deflection in response to pressure. The first 
are plate bending forces which are proportional to the 
5 thickness of the diaphragm. These can be reduced by 
using a very thin film diaphragm. The second class of 
forces which resist deflection are membrane forces 
which are proportional to the tension applied to the 
membrane or diaphragm. In the case of a thin film dia- 
10 phragm, tension is not generally put in intentionally but 
is a result of the fabrication technique and of mismatch- 
es in thermal expansion coefficients. 
[0006] Previous workers who have prepared solid 
state microphones have recognized the problem of re- 
ts sidual tension in the diaphragm. Hohm and Hess, J. 
Acoust. Soc. Am. 85, 476-480 (1 989) used a flat silicon 
nitride diaphragm with large residual tension. To reduce 
the tension, they implanted nitrogen to relax the nitride 
film. However, this technique is sensitive to implant dos- 
20 age and energy, and to the thermal annealing cycle. It 
is difficult to control uniformity of the original tension 
across such a diaphragm and such a process may not 
impart long term stability to the diaphragm. 
[0007] Bergqvist and Rudolf, Transducers 91, Pro- 
25 ceedings of the International conference on Solid-State 
Sensors and Actuators (IEEE, New York, 1991) pp. 
266-269, reduced membrane forces in a different fash- 
ion. They established a low tension diaphragm by using 
lightly doped single crystal silicon. While this was suc- 
30 cessful in reducing membrane tension, a parasitic ca- 
pacitance was formed which cancelled the advantage 
of the low stress diaphragm. 

[0008] It is an object of the present invention to pro- 
duce a solid state microphone which can be made small- 

35 er than conventional microphones and which has a tight- 
ly controlled sensitivity. It is a further objection of the 
present invention to produce a solid state microphone 
with reduced membrane forces and with very low para- 
sitic capacitance. 

40 [0009] These and other objects of the invention will 
become apparent to those skilled in the art when the 
following detailed description of the invention is read in 
conjunction with the accompanying drawings. 
[001 0] According to the present invention there is pro- 

45 vided a solid state condenser device comprising: 

a fixed perforated backplate constituting a fixed 

electrode in a parallel plate condenser; 

a diaphragm having a thickness, said diaphragm 

so being sensitive to incident sound pressure waves 
and constituting a movable electrode in said parallel 
plate condenser; and characterised by 
a plurality of clamps each defining a clamp gap to 
receive a portion of said diaphragm to retain said 

55 diaphragm in operative positional relationship with 
said backplate, wherein the width of said clamp gap 
is greater than said thickness of the diaphragm to 
thereby retain said diaphragm in position without 



2 



3 



EP 0 561 566 B1 



4 



physical attachment thereto. 

[0011] The clamps are preferably disposed at the pe- 
riphery of said diaphragm to receive edge portions of 
said diaphragm. 

[001 2] Preferably the clamps are substantially equally 
spaced around the periphery of said diaphragm. 
[0013] The backplate is preferably prepared from a 
boron doped silicon wafer and the diaphragm is prefer- 
ably a silicon nitride diaphragm. 
[0014] The parallel plate condenser is preferably pre- 
pared from a single silicon wafer. 
[0015] In accordance with the present invention there 
is provided a solid state miniature condenser of high 
sensitivity and good manufacturability. It overcomes the 
tension forces associated with reduced thickness, solid 
state diaphragms and its design minimizes undesirable 
stray capacitances encountered in some prior attempts 
to prepare miniature solid state condensers. 
[0016] Other objects and advantages of the invention 
will become apparent upon reading the following de- 
tailed description and upon reference to the drawings, 
in which: 

[001 7] Figs. 1 a and 1 b are cross section views which 
illustrate the preparation of a diaphragm according to 
one embodiment of this invention. 
[0018] Fig. 2 is a plan view of the diaphragm of Fig. 1b. 
[0019] Fig. 3 is a cross section view of a backplate in 
accordance with an embodiment of this invention. 
[0020] Fig. 4 is a plan view of the backplate of Fig. 4. 
[0021] Fig. 5 is a cross section view of a condenser 
according to an embodiment of this invention. 
[0022] Fig. 6 is a cross section view of a condenser 
in accordance with another embodiment of this inven- 
tion. 

[0023] While the invention will be described in con- 
nection with certain preferred embodiments, it is under- 
stood that it is not intended to limit the invention to those 
embodiments. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] Solid state microphones of the prior art have 
employed a diaphragm whose edges were all solidly at- 
tached to the condenser Such a solid attachment ap- 
plies tension to a thin membrane during its fabrication. 
The present invention is based on the discovery that if 
the diaphragm is only loosely clamped at its edges, little 
tension is built up in the diaphragm. As a result, the di- 
aphragm shows greater sensitivity in its response to 
sound pressure. 

[0025] A diaphragm with low tension can be prepared 
by the method illustrated in Figs. 1a and 1b. A double 
side polished <100> orientated silicon wafer 1 is oxi- 
dized to form 1000 A layers of oxide 2 and 9 on both 
sides of the wafer. Then 5000 A layers of polycrystalline 
silicon (poly) are deposited on both sides of the wafer 
by low pressure chemical vapor deposition (LPCVD). A 



one micron layer of silicon nitride 4 is next deposited by 
plasma enhanced chemical vapor deposition (PECVD) 
on the front side and etched to form the diaphragm. Ad- 
ditional 5000 A sacrificial layers of poly are deposited 
5 by LPCVD on top of the silicon nitride and the back side 
of the wafer. Both poly layers 3 and 5 on the front side 
of the wafer are etched just beyond the edge of nitride 
diaphragm 4 using a wet etch such as ethylene diamine- 
pyrocatechol (EDP). This etch simultaneously removes 
io the poly layers from the back side of the wafer. A further 
layer of PECVD nitride of 1 .5 microns thickness is de- 
posited on the front side only and etched to form the 
upper clamps 6. The figures are not to scale, since the 
thickness of the silicon wafer 1 is very large in compar- 
ts ison with the other layers. 

[0026] Fig. 2 shows a top view of the diaphragm with 
clamps 6 in place. The upper clamps are small, separate 
elements so that their internal stresses do not cause 
cracking of the clamps or the rest of the structure. These 
20 clamps can take a variety of shapes. 

[0027] To complete fabrication of the diaphragm, the 
polycrystalline silicon layer 5 on top of the diaphragm is 
stripped away, and a chrome/gold metal layer 7 is de- 
posited on the diaphragm as noted in Fig. 1b. The gold 
25 is etched off the diaphragm surface to leave only a very 
thin chrome layer (100-200 A in thickness). The gold 
serves to connect the diaphragm with the other circuitry 
on the wafer. The oxide 9 on the backside of wafer is 
then etched to serve as a mask for the cavity etch. Soak- 
30 ing the wafer in an anisotropic etchant such as EDP cre- 
ates cavity 8 and etches away the sacrificial polycrys- 
talline silicon layers 3 and 5, freeing the diaphragm. A 
final dip in buffered HF solution removes oxide layer 2 
from under the diaphragm. 
35 [0028] A top view of the diaphragm is shown in Fig. 2. 
The diaphragm has a long tail member 1 0 off to one side 
which terminates in a square pad 12 that is fixed to the 
silicon substrate. While the diaphragm is free floating, it 
is restricted in movement by the silicon substrate below, 
40 the clamps above, and the long tail 10. 

[0029] The metal layer 7 on the diaphragm is restrict- 
ed to the central region where the diaphragm deflection 
is greatest. This maximizes the sensitivity of the micro- 
phone and minimizes parasitic capacitance between the 
45 diaphragm and the rest of the structure. Because the 
diaphragm is insulated from the silicon substrate, para- 
sitic capacitance is further reduced by application of a 
guard voltage, derived from the output of an FET circuit, 
to the substrate. 
so [0030] The design of a backplate used in the practice 
of this invention is best seen by reference to Fig 3. This 
shows in cross section a backplate 32 prepared by etch- 
ing a silicon wafer. Backplate 32 has a number of per- 
forations 30 to minimize stiffness due to air trapped be- 
55 tween the diaphragm and the backplate. The backplate 
is prepared from a silicon chip which has been heavily 
doped with boron. This puts the backplate under ten- 
sion, enhances conductivity, and serves as an etch stop 
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to create the needed geometry. Bergqvist, mentioned 
above, pointed out the need for a highly perforated back- 
plate. However, he incorrectly identified the need for a 
low stress in the backplate by using lightly doped single 
crystal silicon. Actually, a stiff backplate is preferred 
since it gives the highest possible relative motion be- 
tween the diaphragm and the backplate. 
[0031] The fabrication of the backplate begins with a 
double polished, <100> oriented silicon wafer 33 on 
which a nitride layer is deposited and etched to mask 
the shallow gap 35. The shallow gap is etched about 2 
microns deep into the silicon with an isotropic etchant. 
The remaining nitride is removed and a new layer is de- 
posited and etched to leave tiny islands positioned over 
the locations where the holes 30 are desired. A heavy 
boron dose is diffused into the front surface to form a p + 
etch stop approximately 4 microns deep. The nitride 36 
on the back of the wafer resulting from the second dep- 
osition, is etched to serve as a mask for the cavity etch. 
Soaking the wafer in an anisotropic etchant such as 
EDP forms the cavity 31, leaving the perforated back- 
plate 32. 

[0032] Fig. 4 shows a plan view of the backplate. In 
this figure a comparatively small number of holes 30 are 
illustrated. However, in carrying out the invention, it is 
frequently convenient to prepare a backplate with many 
more perforations. 

[0033] In accordance with this invention, the dia- 
phragm and backplate are bonded together using one 
of the common techniques such as eutectic soldering, 
electrostatic bonding, or silicon fusion bonding. A bond- 
ed pair is shown in cross section in Fig. 5. In order to 
complete the unit for use in a microphone, the combina- 
tion of diaphragm and backplate is mounted on a sup- 
port 40 which serves to form, with the backplate, a 
closed backchamber 42. The FET circuitry 44 as well as 
a bias source is easily integrated on one of the silicon 
pieces to form a complete microphone element. 
[0034] In accordance with a further aspect of the in- 
vention, the diaphragm and backplate may be formed 
on a single silicon wafer. This arrangement is illustrated 
in Fig. 6. In this embodiment of the invention, backplate 
32 is defined first using the boron doping process illus- 
trated in Fig. 3 without first forming the shallow gap. After 
the boron doping, phosphorous is diffused into region 
46 to counter dope the boron. The front surface of the 
wafer remains relatively planar and the p + etch stop is 
now buried below the surface. The diaphragm 4 and 
clamps 6 are next fashioned on the silicon wafer 1 using 
the same general procedure illustrated in Figs. 1a and 
1 b. When the wafer is soaked in EDP to form cavity 42, 
the sacrificial layers are removed to free the diaphragm 
and gap 46 is created. The silicon wafer containing 
backplate 32 is attached to base 40 to give a closed 
backchamber 42. FET circuitry 44 and a voltage bias 
source are integrated on the silicon piece to form a com- 
plete microphone element. 

[0035] In carrying out this invention, it is necessary to 



avoid acoustical leaks around the diaphragm between 
the sound source and backchamber 42. Such acoustical 
leaks are prevented in the device in Fig. 6 because the 
edges of diaphragm 4 contact silicon wafer 1 as it moves 

s towards the backplate by electrostatic attraction created 
by the bias voltage. In the device illustrated in Fig. 5, an 
acoustical leak is prevented by means of ring 34 in the 
backplate member which engages diaphragm 4 as it 
moves toward the backplate underthe same electrostat- 

10 ic attraction. However, these devices permit low fre- 
quency airflow from the backchamber to compensate for 
any static pressure differences between the backcham- 
ber and the environment. 

[0036] The present invention has been described with 
is respect to certain embodiments and conditions, which 
are not meant to limit the invention. Those skilled in the 
art will understand the variations from the embodiments 
and conditions described herein may be made without 
departing from the invention as set forth in the appended 
20 claims. 



Claims 

25 1. A solid state condenser device comprising: 

a fixed perforated backplate (32) constituting a 
fixed electrode in a parallel plate condenser; 
a diaphragm (4) having a thickness, said dia- 
30 phragm (4) being sensitive to incident sound 

pressure waves and constituting a movable 
electrode in said parallel plate condenser; and 
characterised by 

a plurality of clamps (6) each defining a clamp 
35 gap to receive a portion of said diaphragm (4) 

to retain said diaphragm (4) in operative posi- 
tional relationship with said backplate, wherein 
the width of said clamp gap is greater than said 
thickness of the diaphragm (4) to thereby retain 
40 said diaphragm (4) in position without physical 

attachment thereto. 

2. The device of claim 1 , wherein said clamps (6) are 
disposed at the periphery of said diaphragm (4) to 

45 receive edge portions of said diaphragm (4). 

3. The device of any preceding claim, wherein said 
plurality of clamps (6) are substantially equally 
spaced around the periphery of said diaphragm (4). 

50 

4. The device of any preceding claim wherein the 
backplate (32) is prepared from a boron doped sil- 
icon wafer. 

55 s. The device of any preceding claim, wherein the di- 
aphragm (4) is a silicon nitride diaphragm. 

6. The device of any preceding claim, wherein the par- 
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allel plate condenser is prepared from a single sili- 
con wafer. 



Patentanspruche 5 

1. Halbleiter-Kondensatorbauelement, das folgendes 
umfaGt: 

eine teste perforierte Gegenplatte (32), die eine 10 
feste Elektrode in einem Parallelplattenkon- 
densator bildet; 

eine Membrane (4), die eine Dicke aufweist, 
wobei die Membrane (4) fur auffallende Schall- 
druckwellen empfindlich ist und eine bewegba- is 
re Elektrode in dem Parallelplattenkondensator 
bildet; und das gekennzeichnet ist durch 
eine Mehrzahl von Klemmen (6), die jeweils ei- 
nen Klemmenzwischenraum definieren, urn ei- 
nen Abschnitt der Membrane (4) aufzunehmen, 20 
urn die Membrane (4) in einer betriebsbereiten 
Lagebeziehung zur Gegenplatte zu halten, und 
bei denen die Breite des Klemmenzwischen- 
raums groBer ist als die Dicke der Membrane 
(4), urn dadurch die Membrane (4) ohne physi- 2$ 
sche Befestigung daran in ihrer Stellung zu hal- 
ten. 

2. Bauelement nach Anspruch 1, bei dem die Klem- 
men (6) an der Peripherie der Membrane (4) ange- so 
ordnet sind, urn Randabschnitte der Membrane (4) 
aufzunehmen. 

3. Bauelement nach einem der vorhergehenden An- 
spruche, bei dem die Mehrzahl von Klemmen (6) im 35 
wesentlichen abstandsgleich urn die Peripherie der 
Membrane (4) herum liegen. 

4. Bauelement nach einem der vorhergehenden An- 
spruche, bei dem die Gegenplatte (32) aus einer mit 40 
Bor dotierten Kristallscheibe gefertigt ist. 

5. Bauelement nach einem der vorhergehenden An- 
spruche, bei dem die Membrane (4) eine Sitizium- 
nitridmembrane ist. 45 

6. Bauelement nach einem der vorhergehenden An- 
spruche, bei dem der Parallelplattenkondensator 
aus einer einzigen Kristallscheibe gefertigt ist. 

so 

Revendications 

1. Dispositif de condensation a I'etat solide compre- 
nant: 55 

une plaque dorsale perforee fixe (32) consti- 
tuant une electrode fixe dans un dispositif de 



condensation a plaques paralleles; 
un diaphragme (4) possedant une epaisseur, 
ledit diaphragme (4) etant sensible a des ondes 
incidentes de pression acoustique et consti- 
tuant une electrode mobile dans ledit dispositif 
de condensation a plaques paralleles, et carac- 
terise par 

plusieurs pinces (6) definissant chacune un es- 
pace de pincement destine a recevoir une por- 
tion dudit diaphragme (4) afin de retenir ledit 
diaphragme (4) en relation de position de travail 
avec ladite plaque dorsale, la largeur dudit es- 
pace de pincement etant superieure a ladite 
epaisseur du diaphragme (4) pour ainsi retenir 
ledit diaphragme (4) en position sans y etre fixe 
par voie physique. 

2. Dispositif selon la revendication 1 , dans lequel les- 
dites pinces (6) sont disposees a la periph6rie dudit 
diaphragme (4) pour recevoir des portions margi- 
nales dudit diaphragme (4). 

3. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel lesdites plusieurs 
pinces (6) sont essentiellement equidistantes 
autour de la periph6rie du diaphragme (4). 

4. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel la plaque dorsale 
(32) est preparee a partir d'une plaquette de silicium 
dop6e au bore. 

5. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel le diaphragme (4) 
est un diaphragme de nitrure de silicium. 

6. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel le dispositif de con- 
densation a plaques paralleles est prepare a partir 
d'une plaquette unique de silicium. 
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